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We consider the propagation of hydromagnetic waves generated by a compact turbulent source in low
ionized plasmas, applying the Lighthill theory. We assume the plasma to be isothermal, and adopt a uniform,
stationary medium thread by ordered magnetic elds as an initial condition. Then, the distinct properties
of the hydromagnetic waves originating from a source oscillating with a xed frequency are studied in the
linear regime. As is well known, in low ionized plasmas, the generated waves dissipate due to ion{neutral
damping. In this paper, the dependence of the dissipation rate on the frequency of the oscillating source is
investigated. The larger the frequency becomes, the more substantial is the wave dissipation. Implications of
our results on the energy source in molecular clouds are also discussed. Interestingly, since the outflow lobes
associated with young stellar objects act as compact turbulent sources, hydromagnetic waves are generated
by them. From our order-estimations, about 70% of the energy of the outflow itself propagates as waves or
turbulences, while the remaining 30% dissipates and heats the neutrals via ion{neutral damping. Then, we
conrm that the outflows are signicant energy sources in molecular clouds in the context of the Lighthill




Young stellar objects (YSOs) are believed to be formed within dense clumps in molecular clouds (Myers,
Benson 1983). Going with the gas condensation associated with star formation, a large amount of gravita-
tional energy must be released, and a part of the released energy drives the jets and/or outflows (e.g., Shu
et al. 1993; Kudoh, Shibata 1997; Tomisaka 1998). In this paper, we mainly discuss the role of the outflows.
The total mechanical luminosities of all the outflows in a molecular cloud are observed, for example, to be 
33 in Orion A (Fukui et al. 1993) and  43.5 in Taurus (Bontemps et al. 1997). We stress the importance
of the activity of the outflows on the ambient molecular gas.
Lighthill (1952) discussed the aerodynamical generation of waves from a compact turbulent source; his
theory was developed concerning the generation of hydromagnetic waves in a magnetized medium (Kulsrud
1955; Kato 1967). Waves originate from the pressure fluctuations caused by fluctuations in the momentum
of velocity and magnetic elds of unsteady turbulent flows. Their theories have been applied to studies
of the heating mechanism of stellar chromosphere and coronae (see Lee 1993 and references therein). In
this paper, we apply them to a study of molecular clouds, where the ionization fraction is low. In star{
forming regions, the outflow lobe lled with turbulent molecular gas (e.g., Stahler 1994) is one of the good
candidates for a compact turbulent source (e.g., Nomura et al. 1998). We then examine the potentiality of
outflows as an energy source in molecular clouds in the context of the Lighthill theory. Part of the energy
of the outflows dissipates in the molecular gas via the so-called ion{neutral damping (Kulsrud, Pearce 1969;
Zweibel, Josafatsson 1983; Nakano 1998, see also Kamaya, Nishi 1998), as far as the outflows can generate
the hydromagnetic waves.
The problem concerning the heating source in molecular clouds is of interest. In molecular clouds
(with a temperature of  10 K and a number density of  103 cm−3) the cooling processes have been well
studied (e.g., Goldsmith, Langer 1978; Neufeld et al. 1995). The heating processes, however, are problematic
because it is uncertain what is the dominant process. Although it is often assumed that the main heating
source is cosmic rays, the heating rate due to H2 formation on grains, gas{grain collisions, compressions
or collapses of dense cores, and turbulence may be comparable to that caused by cosmic rays (Lizano, Shu
1987; Hollenbach 1988; Stone et al. 1998). In this paper, we insist that the ion{neutral damping of waves
generated from outflows is also a dominant heating mechanism (cf. Zweibel, McKee 1995).
We also discuss the role of outflows as an energy source to support the turbulence in molecular clouds. In
many molecular clouds and cloud cores, the scaling law of the line width{size relation, v / L1/2, has been
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observed with various molecular lines (Larson 1981; Falgarone et al. 1992; Caselli, Myers 1995). The observed
widths are wider than the thermal width and the power-law index of the scaling law is similar to that of the
Kolmogorov turbulence. These facts suggest that the interstellar medium may be turbulent (Larson 1981;
Scalo 1987; Franco, Carrami~nana 1998). If so, it should quickly dissipate because of the shock, etc. (e.g.,
Stone et al. 1998); thus, some kinds of energy sources are needed. Many candidates have been suggested, e.g.,
galactic dierential rotations, isolated supernovae, stellar winds, Alfven waves from collapsing cloud cores, ex-
panding H IIregions, andbipolaroutflows(Norman, Silk1980; Mouschovias, Paleologou1980; Fleck1981; Scalo1987; Mie
scalesources(Gammie, Ostriker1996; V azquez−Semadenietal. 1997).Inthefollowingdiscussions, weestimatehowmuch
In subsequent sections, we investigate the evolution of hydromagnetic waves generated from a compact
turbulent source in a low{ionized, magnetized medium. We note that the dierence between ours and
previous researches on waves in such medium (e.g., Balsara 1996) is that we treat not only the propagation
of waves, but also their generation from a source. Our formula could be extended to deal with problems
concerning the global evolution of molecular clouds. For the rst step, we present in this paper an exact
solution of our formula in the case that the source is modeled by an oscillating source. We then apply it to
suggest the role of outflows as a heating source and an energy source of turbulence in molecular clouds. In
the next section we derive the basic equations and inhomogeneous wave equation. In section 3 we estimate
the energy of the waves from a magnetized turbulent source. Applications to molecular clouds are presented
in section 4, and nally we summarize the results in section 5.
Basic Equations
We consider the following two-fluid equations for a partially ionized, magnetized, and compressible
medium: the continuity equation, the momentum equation, and the equation of state for the neutrals,
equation ∂ρ∂t +r  (ρv) = 0,
2











































0 5 10 15
fast
Alfven
slow
